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PRINTING DEVICE AND METHOD 

The invention relates to a printing device, in particular 
the printing unit for printing with drop -on -demand ink- jet 
technology, with the ink, after having been printed onto a 
suitable substrate, being cured with the light of an 
ultraviolet light-source. According to the second aspect, 
the invention relates to a corresponding method. 

The printing industry is the principal area of application, 
where so-called digital printing, in particular on large 
areas, plays an important role. Digital printing is 
advantageous when compared for example with conventional 
screen printing, in that areas of almost any desired 
dimensions can be printed upon, without there being any 
need for a pre press. In this process the UV-cured ink, 
having been applied by the ink- jet printer to the surface 
to be printed, is cured and fixed by means of a UV light - 
source so that further ink droplets to be applied cannot 
run into those applied previously. This well-known method 
is in contrast to that of using solvent inks, in which an 
organic solvent or simply a solvent containing water has to 
dry out accordingly- The method is also in contrast to the 
method of using so-called hot-melt inks in which the ink is 
kept liquid by an increase in its temperature while it is 
applied by the ink- jet printer to the surface to be 
printed, before being cured by cooling. 

Basically, three different types of digital printers for 
use with UV- curing ink are known, namely: flat bed printers 
(X-Y) , unidirectional continuous drum printers, and roll- 
to-roll printers. Flat bed printers have a special 
characteristic in that they are capable of easily printing 
materials which cannot be rolled, e.g. glass, acrylic glass 
etc. The present invention is to be designed such that it 
is equally suitable for any such printer types. 
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Typical inks of this type, i.e. very fast drying colours, 
include Crystal UGE UV-curing jet ink by Sun Jet, which 
provides good adhesion to various materials, in particular 
to plastic, with very little shrinking during curing. 

Digital printing devices known from the state of the art, 
at any rate in the case of printing devices which produce 
coloured print by means of several differently-coloured 
inks applied one on top of the other, mostly comprise a 
multitude of print heads arranged in a row. The Inca-Eagle 
device, for example, comprises 2x4 matrices to which ink of 
a particular colour is fed. In this design, the arrangement 
comprising the print heads is moved in one direction (in 
this document referred to as the X-direction) over the 
material to be printed, while in the other direction (in 
this document referred to as the Y-direction) , after 
printing with a print line, the material is advanced, as 
described using the example of the above-mentioned 
continuous printer. However, in order to achieve high m^- 
performance (as many jets as possible, all simultaneous) , 
according to Figures la to Id, printing takes place 
according to the so-called interlace method both in the X- 
direction and in the Y-direction, in which interlace method 
first the droplets are applied such that they do not run 
into each other but still do not result in a complete print 
image, and then, after fixing (which prevents running) 
intermediate droplets are placed. A print -droplet density 
of 90 to 1200 dpi (droplets per inch, i.e. per 25.4 mm, 
with a droplet volume of 5 to 150 pi) is typical, which 
corresponds to a metric value of 70 /xm per printing 
droplet. It is imaginable and indeed usual that the print 
head rows are laterally adjacent to UV light -sources , 
which, after the ink has been applied, fix said ink. 

In principle, the above-mentioned process and the 
associated device are suitable for implementing a digital 
printing method. However, it has been shown that the print 
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speed plays a significant role in large-area printing 
processes. First attempts at increasing the print speed 
have been made e.g. by increasing the number of the print 
heads or the jets on each print head. In trials for 
example, 8192 jets per print head have been used. However, 
it has been shown that from the point of view of economics 
and logistics it is more favourable to arrange print heads 
in lines of 128 or 256 jets. This is not only because, 
should replacement of the print heads become necessary, the 
cost would be reduced, but also because the probability of 
a fault occurring in a single print head is smaller than 
if, for example, there are 8192 jets per print head. In 
principle, increasing the processing speed provides a 
further possibility for solving the problem described 
above. However, such an increase in processing speed is 
limited by the fixing process between the individual print 
droplets, because the running of droplets into each other 
is to be avoided in every case. The plotting performance 
depends on the number of jets, on the plotting frequency, 
and on minimisation of idle time, which is defined as the 
time in which the jets are not ejecting ink. 

It is thus the object of the present invention to propose a 
device and a corresponding printing method which make do 
with print heads comprising a relatively small number of 
jets, while providing a rapid sequence of droplet delivery. 

According to the invention, this object is met according to 
a first aspect in that a device with the characteristics of 
the independent claim 1 is proposed. In this arrangement, 
the measures of the invention first result in that, with a 
small UV output, the droplets are not completely cured 
during fixing, but only partially cured to a small extent, 
but nevertheless to an extent necessary to prevent running 
of droplets into each other, with the entire printed image 
being cured later. 
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In this document, the term "partially cure (d) " or "partial 
curing" refers to stopping the process of the droplets 
running into each other, with such running being different 
depending on the surface tension of the material to be 
printed upon. By "digital" partial curing, a smaller 
quantity of light is thus applied, and with it the surface 
of the droplet is solidified; hence this process is 
stopped. After partial curing, the surface tension no 
longer plays any role, which results in an advantage in 
that materials which differ widely can be treated in the 
same way. The interior of the droplet remains at least 
partly liquid, and there is sufficient time for wetting the 
surface of the material . 

By contrast, the term "curing" or "complete curing" refers 
to the ink which has been applied in droplet form being 
completely cured. All the photo indicators react, and the 
liquid (ink) becomes a solid material, typically by way of 
polymerisation. This requires the higher UV intensity 
provided by the curing 1 ight- source . 

Advantageously, print heads with e.g. 12 8 or 256 jets are 
used, without significant reductions in the print speed 
having to be accepted. 

According to a second aspect, the object is met in that a 
method with the characteristics of the independent method- 
related claim is proposed. 

Further aspects of the invention are provided in the other 
claims . 

The above-mentioned elements as well as the elements 
claimed and described in the following embodiments, which 
elements are to be used according to the invention, are not 
subject to any particular exceptional conditions as far as 
their size, shape, use of material or technical concept are 
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concerned so that the selection criteria known in the 
respective area of application can be applied without any 
limitations . 

In this document, the term "UV light -source" refers not 
only to a UV lamp, e.g. a mercury discharge lamp, but also 
to any LED light -source or any other light -source, without 
this having a significant influence on the invention or the 
ability to implement it. 

Further details, characteristics and advantages of the 
object of the invention are provided in the subsequent 
description of the associated drawings in which, by way of 
an example, a printing device and an associated method- 
related sequence is explained in the context of the present 
invention. 

The following are shown in the drawings; 

Fig. 1 a diagrammatic view of the arrangement according 



to the present invention; 



Fig. 2 



parts A, B, C and D of the figure show a possible 
diagrammatic flow chart comprising some 
intermediate steps for a typical "interlaced" 
method during digital printing with temporary 
partial curing; 



Fig. 3 



a detailed drawing of a print head arrangement 
being a section of Figure 1; 



Fig. 4 



a representation of a print head; 



Fig. 5 



an overall view of the digital printing machine; 
and 
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Fig. 6 a 3-D view of the printing machine according to 
Figure 5 . 

Figure 1 shows a preferred arrangement of print head blocks 
and UV light -sources according to the present invention. In 
this arrangement, in each case 4 print heads 102, 104, 106, 
108, each with 128 or 256 jets, are arranged side-by-side 
in X-direction, in Fig. 1 designated 100, wherein the print 
heads of these lines are precisely aligned; in the present 
embodiment (resolution 4x50 dpi = 200 dpi) they are spaced 
apart from each other by 15 mm. Four such rows 100 are 
aligned in Y-direction, arranged one behind the other, 
wherein the spacing between the last print heads of the 
preceding line and the first print head of the new line 
corresponds to the length of a print head line. In the 
present embodiment, these 16 print heads constitute a first 
print head block 110. Arranged beside this first print head 
block 110, in X-direction, is a second print head block 
120, which in Y-direction is offset by the length of a 
print head line. 

UV light-source lines 130 and 132 are arranged to the left 
and right of the first and second print head blocks, with 
the lines in their length in Y-direction protruding 
somewhat beyond the print heads; in the embodiment shown 
they protrude by approx. 15 mm. 

In the preferred embodiment, the previously-described 
arrangement is supplemented by a further arrangement of 
identical design, wherein one of the UV light-source lines 
132 constitutes the right line of the first arrangement, 
and the left line of the second arrangement. In other 
words, the device according to this embodiment comprises 
three UV light-source rows 130, 132, and 134 for partial 
curing. Of course, the middle UV light -source, i.e. the UV 
light-source which constitutes the right source for one 
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block and the left source for the other block, exists only 
once . 

In this embodiment, for curing in X-direction, a curing 
light -source 13 6 for the UV light is movably arranged, 
behind the print arrangement, on said print arrangement, so 
that for the purpose of curing, the UV light can be guided 
quasi line-by-line across the print surface that has been 
completed so far. 

In the embodiment shown, for the purpose of curing, an 
intensity ranging from 15 to 25 watts/cm, preferably of 20 
watts/cm (reflector lamp energy) at a dose of 50 to 100 
mJ/cm2 at a layer thickness of 12 ptm has been provided. In 
this arrangement, the use of inks which are reactive 
between approx. 2 50 and 42 0 nm is intended; such inks are 
supplied by the manufacturer Sun Jet, Crystal UDG. The 
spectrum of the mercury discharge lamp which has been 
provided for this arrangement is between 280 and 410 nm. 

In the embodiment described, an intensity of between 80 and 
160 watts/cm (reflector lamp energy) is used for curing, 
with the dose being between approx. 200 and 1000 mJ/cm2 . In 
the embodiment presently described, the spectral values of 
the light-sources in the case of the curing light-source 
136 are equivalent to those of the partial -curing light- 
sources 130, 132, and 134. 

Of course, these values have to be adapted if inks are used 
which differ from the inks described in the present 
embodiment . 

The method for operating such a device is as follows, as 
shown in Figure 2 : 

In the present embodiment, the physical resolution of the 
print head is 50 dpi. By way of four rows (4x50 dpi = 200 
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dpi), arranged so as to be offset, a first matrix of dots 
is printed in a first colour, which dots are spaced apart 
by a distance which exceeds the dot size; in the present 
case according to partial view a in Figure 2 a dot density 
of 200 dpi. Printing takes place in that the printing 
device according to the present invention is guided in X- 
direction over the material to be printed. In each 
instance, the print head lines, arranged side-by-side, 
which print head lines in the present embodiment contain 
ink of the same colour, thus print four dots situated 
beside each other. Subsequently, the respective droplet is 
partially cured by means of the middle UV light -source 132 
so that there is no longer any risk of the ink running. 
Subsequently, each of the parallel print heads of the other 
print half prints an intermediate droplet of the same 
colour, applied between the two previously applied droplets 
(interlaced application) , with said intermediate droplet 
then also being partially cured by the left UV light-source 
130. The material to be printed is advanced by half the 
length of the distance of the jets within the print head. 
The previously described process is repeated for the 
intermediate line, in that first a line with dots with 
large spacing is printed, then the dots are partially cured 
by means of the UV light -source 132, and then the 
intermediate dots of this intermediate line are printed and 
partially cured with the UV light-source 134. 

Of course, the jets of the print heads are only activated 
if printing is intended at the respective position on the 
material (digital printing) . 

After printing with the first colour component has been 
carried out, the material is advanced by the length of a 
print head, and the printing process is carried out in the 
same way at the above-mentioned position, using a second 
colour component, while the device for the length of a 
print head further commences to print the print image for 
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the first colour. This sequential process is repeated until 
all the print heads are in action. After this, on the first 
strip, whose width measures one length of the print head, 
printing of the material with up to eight colours (1 ... 8) 
is complete, while for the last colour intended, only the 
first strip has been printed. This process can be described 
as a sequential activation of the print colours. To obtain 
improvements in the print quality, other writing strategies 
are also possible; however, printing according to the 
interlacing process with partial curing and subsequent 
complete curing remains the basic principle in all of these 
strategies . 

Furthermore, the material is sequentially printed in strips 
until the first print head reaches the end of the material. 
In this case, sequential deactivation of the print colours 
is carried out in that in each instance the print heads are 
no longer used for one colour. The print image is complete 
after the last print head has printed the last colour on 
the material . 

In this embodiment, the partial curing light-source for the 
UV light, for partial curing in the X-direction, is guided 
quasi line -by- line over the printed area which has been 
completed so far, thus in each instance completing a line. 
It should be emphasised that a line can and will be of 
different width than the width mentioned above, i.e. a line 
comprises a multitude of dots. 

The method described above shows that the selected 
arrangement of print heads is an ideal compromise between 
the demand for having as many printing processes proceed in 
parallel and the disadvantages which result from the 
therefore necessary - in this case sequential - activation 
and deactivation of the print heads if, in an individual 
case, printing (measured in Y-direction) is only to take 
place over a short distance. 
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